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(54) CnOCOB H3rOTOBJlEHHfl PACXOflyEMOrO 3J1EKTPOAA H3 KyCKOBblX METAJ1J1HHECKHX OTXOAOB 



(57) Pe0epaT: 

M3o6peTeHne othocmtch k MeiajinyprviM, a 
MMeHHO k BaKyyMHO^ Ayroaoft nnaBKe 
TyronjiaBKnx MeTannoB, n Mo>KeT 6biTb 
npuMeHeHO npn n3roToaneHnn pacxoAyeMwx 

3JieKrpOAOB B npOH3BOACTBe OTJ1MBOK H3 

TMTaHOBbix cnnaBOB c ncnonb30BaHneM 
riHTefiHbix otxoaob. Cnoco6 M3roTOB/ieHMfl 
pacxoAyeMoro aneiapoAa H3 KycKOBbix otxoaob 
TUTaHOBbix cnnaBOB coctomt b tom, mto 
KycKOBwe OTxoAbJ pa3iweiAaK3T b npwierajoineM 

K BHyTpeHHefl nOBepXHOCTM Cf)OpMbl /1HCTOBOM 

iua6/ioHe c Topi^eBbiMn ruiocKMMU TeiwruieTaMU, 

BbinO/lHeHHOM H3 OAHOpOAHOrO C WHXTO& 

MaTepnana. CBapicy ocymecTB/iaioT 
nponycKaHneM aneiapuMecKoro TOKa, 
noABOAHMoro k TeMnneTaM, sepe3 Becb enow 
KycKOBoro MaTepnana ao cnnaaneHMfl ero a 
MecTax KOHTaicra c oAHOBpeivieHHbiM 
npunoKeHneM oceBoro ycunvifl cBepxy A"fl 
nepewemeHUH KycKOBbix otxoaob bhm3 no 
BwcoTe iua6rioHa no iwepe wx oanaaneHMfl. Ana 
HaAe>KHoro csapuBaHMfl KycKOBbix otxoaob 
pacnxiaB/iflK)T He MeHee 10-15% ot hx o6inefl 
Maccw. Cnoc»6 no3BormeT paciunpMTb 
Anana30H pa3MepoB KycKOBbix otxoaob, 
ncnonb3yeMbJX npM M3roToaneHnn pacxoAyeMbix 
3/ieKrpoAOB. npeAnaraeMoe TexHvmecKoe 
peuueHne no3Bon«eT ynpocTMTb m ycropviTb 



npoi^ecc MsroTOBneHMfl pacxoAyeMbix 
3/ieKTpoAOB, 2 3. n.cfwibi, 1 nn. 
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(54) METHOD FOR MANUFACTURE OF CONSUMABLE ELECTRODES FROM LUMPY METAL WASTES 

(57) Abstract: 

FIELD: metallurgy, more specifically, 
vacuum arc melting of refractory metals; may 
be used in manufacture of consumable 
electrodes in production of castings from 
titanium alloys with utilization of foundry 
wastes. SUBSTANCE: method consists in that 
lumpy wastes are placed in sheet gage 
adjacent to internal surface of mold. Sheet 
gage has end flat templets made from 
material homogeneous with that of charge 
material. Welding is carried out by passing 
electric current applied to templets through 
the entire layer of lumpy material up to its 
fusion in points of contact with concurrent 
application of axial force from top for 
moving lumpy wastes down over gage height as 
soon as they melt. For reliable welding of 
lumpy wastes, they are melted in the amount 
of not less than 10-15% of their total 
weight. EFFECT: extended range of sizes of 
lumpy materials used in manufacture of 
consumable electrodes, simplified and 
accelerated process of their production. 3 
cl, 1 dwg 
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H3o6peTeHne othocmtca k MeTannyprnn n 
MOJKeT 6wTb ncnonb30BaHo npn M3roToaneHMM 
pacxoAyeMbix snexTpoAOB b npoM3BOACTBe 
omnBOK, HanpuMep, m TMTaHOBbix crinaBOB c 
ncnonb30BaHneM nMTefiwbix otxoaob. 

M3BecTeH cnoco6 MsroTOBneHMfl 
pacxoAyeMbJX aneiapoAOB H3 iumxtobwx 
otxoaob, KOTopwe npeABapmejibHO 
OTCopTkipoBbiBaioT no pasMepau m xnMUHecKOMy 
cocTaBy, 3aKnaAbiBaK)T b cnei^naribHbie $opMbi 
m sannBajOT neperpeTbiM pacnnaBOM Toro >Ke 

XHMMMeCKOrO COCTaBa. flpH 3TOM WMXTOBbie 
OTXOAbl BBOAAT B KOJlUMeCTBe 5-55% OT Maccw 

3/ieKTpoAa [1]. 

K HeAOCTaTKaM M3BecTHoro cnocoba cneAyeT 
OTHecTM orpaHvmeHHoe ncnorib30BaHne 
KycKOBbix otxoaob, 3HaMHTe/ibHbiM pacxoA 
nepBMMHoro MeTanna, AnnTenbHocTb, 
TpyAoeM KOCTb n SHeproeMKOCTb npoijecca n 
3arpy>KeHHocTb ocHOBHoro 
nnaBnnbHO-3annBOMHoro ooopyAoaaHMfl aha 

npOM3BOACTBa 3/ieKTDOAOB. 

MsBecTeH Taioxe cnocoG MsroToaneHMH 
pacxoAyeMoro sjiexTpoAa c ncnojibSOBaHneM 
JlHTe^HblX otxoaob ao 70% M3 
BucoKopeaKUMOHHbix iweTannoB m cnnaBOB, 
HanpMMep, waHa, Tawa/ia m Apyrvix. 
McxoAHbie OTXOAbi paBHOMepHO 3arpy>KaK)T no 
nepnct>epnn wa6noHa, yoraHoaneHHoro b 
nonocTM KpncTaii/iM3aTopa neHM, a 3aTewi nocne 
yAaneHMfl Lua6noHa n BBeAeHun b 
o6pa30BaBiuyiocfl noxiocTb npeccoBaHHoro 
pacxoAyeMoro anexTpoAa, 3annasnflK)T otxoaw 
(cm. aBT. cbha- N 191012 xn. H 05 B, 1964). 

Ochobhom" HeAOCTaTOK npn HSrOTOBJieHMM 
Taxoro 3/iexTpoAa coctomt b HeooxoAMMOCTM 
ncnonb30BaTb cneijManbHoe cno>KHoe n 
AoporocToamee ooopyAOBaHne Ann 
M3roTOBneHMH AononHHTeribHoro npeccoBaHHoro 
aneKTpoAa. 

Hawoonee 6nn3KHM no TexHMHecxofi 
cyi^HOCTM k 3aflBneHHOMy cnoco6y flsnfleTca 
cnocoo" wsroTOB/ieHHfl pacxoAyeMoro oneiapoAa 
H3 xycKOBbix otxoaob TUTaHOBbix cnnaBOB 
HMTe^Horo npon3BOACTBa, BKmonaioiUMM* coopKy 
mx b naKeT cooTBeTCTBytounnx pa3MepoB. KycxM 
caapuBaioT oamh c ApyrviM npepbiBMCTbiM ujbom 

[2]. kl3B8CTHbiM cnoco6 n03BOn$ieT MCnOJlb30BaTb 

ToribKo xpynHOKycKOBbie otxcaw. 

HeAOCTaTKaM m cnocooa flanaioTCfl oonbiuafl 
TpyAoeM KOCTb nponecca, CBnsaHHan c 
TinaTenbHofl yKnaAXofi OTAenbHbix xycKoa 
niMXTbt m pyMHOfl CBapKofi mx Apyr c APyroM, 

HeB03MO)KHOCTb MCnonb30BaHMfl OTHOCMTeJlbHO 
MeriKOS* WMXTbl. 

3aAana M3o6peTeHnn coctomt b ynpoujeHMM 
m ycKopeHMM npoi^ecca, pacmnpeHMH Anana30Ha 
pa3MepoB KycKOBbix otxoaob npn coxpaHeHnn 

y AOBJ1GT B 0 pMTen b H b(X npOMHOCTHblX 

xapaxrepMCTHK M3roTaBnn8aeMoro aneicrpoAa, b 

B03MO>KHOCTM MCnonb30BaHMfl 100% OTXOAOB 

npw M3roTOBneHviM onexTpoAoa. 

PeiueHne sanaHM coctomt b tom, hto b 
cnoco6e M3roToaneHMfl pacxoAyeMoro 
aneicrpoAa M3 xycxoBbix MeTann MwecxMx 
otxoaob, BKntoMawu^eM yKnaAxy KycKOBbix 
MeTan/iMMecKMX otxoaob b coot BeTCT By kd my kj 
KOH0Mrypai4MM anexTDOAa (feopMy m mx CBapxy, 
comacHO M3o6peTeHMJO xycxosbie 

MeTannMMecKMe OTXOAbi paaMeu^awT b 
npmieraiomeM k BHyTpeHHGv^ noBepxHocTM 

4)OpMbl M BbinOJIHeHHOM M3 OAHOpOAHOrO C HMMM 

MaTepMana hmctobom iua6noHe c Topi^eBUMM m 
nnocKMMM TeMnneTaMM, BbinonHeHHbiMM no 
BHyTpeHHeMy nonepeHHOMy KOHTypy iua6noHa m 
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HaxoAfl u^MMMCfl b HenocpeACTBeHHOM KOHTaxre c 

KyCKOBbIMM MeTafUIMMeCKMMM OTXOAaMM, a 

CBapKy ocyu;ecTBnfliOT nocpeACTBOM 
oneKTpMMecKoro Toxa, kotopwm noABOA^T k 
TeMnneTaM m nponycxaioT nepe3 secb cnort 
KycKOBbix MeTannMHecKMx otxoaob ao mx 
cnnaBJieHMfl xycxoa b MecTax KOHTaxra npM stom 
oAHOBpeMeHHO csepxy npMKnaAbiBaioT oceBoe 
ycwiMe Ann nepeMemeHMH KycKOB 
MeTann MMecKnx otxoaob bhm3 no BbicoTe 
iua6noHa no Mepe mx onnaBneHMn. Rna 

H3Ae>KH0r0 CBapMBaHMfl KyCKOBblX OTXOAOB 

pacn/iaarmjOT He MeHee 10-15% ot mx o6me£i 

MaCCU. flpM 3TOM JIMCTOBOfl UJa6/10H MCKJllOHaeT 

npMBapMBaHMe xycKoa uiMXTbi x creHKaM c^opMbi, 
npMAaeT MsroToaneHHOMy anexTpoAy 

AOnOJlHMTe/lbHyK) nDOMHOCTb M TOBapHbIM 

BHeiuHMM bma m o6nemaeT M3BneMeHue roTosoro 
aneiapoAa M3 cpopMbi. 

B KanecTBe otxoaob MoryT Mcno/ib30BaTb 
KycxoBbie OTXOAbi TMTaHOBbix cnnaBOB. 

H3o6peTeHMe o6naAaeT hobm3ho«, mto 
cneAyeT M3 cpaBHeHMfl c aHanoraMM, 
M3o6peTaTe/ibCKMM ypoBHeM, t. k. abho hb 
cneAyeT M3 cyu^ecTByioiMero ypoBHn tcxhmkm m 
He BbisbiBaeT TexHMMecKMx 3aTpyAHeHM« npM 
peanMaaijMM b npoMbiuj/ieHHocTM. 

Ha HepTe>xe M3o6pa>xeHO ycTpo^cTBo ppa 
ocyu^ecTBJieHMfl cnocoCa. 

npM M3f0T0BneHMM pacxoAyeMoro aneiapoAa 

KyCKOBbie OTXOAbi 1 TMTaHOBblX COnaBOB njlOTHO 

yK/iaAbiBaioT no BbicoTe /iMCTOBoro iua6jioHa 2, 
KOTopbiB pa3Mei4a»OT no BHyTpeHHefi 
noBepxHocTM BOAOoxna^AaeMO^ cpopMbi 3, 
ycTaHoaneHHO^ Ha ocHOBaHMM 4. flrin 
M3roToaneHMfl pacxoAyeMoro aneiapoAa MoryT 
Mcno/ib30BaTbCfl KpynHbie (ctoakm), cpeAHMe 
(npM6bLne« m nMTaTe/iM otjimbok) m Men km e 
KyCKOBbie otxoaw (CTpy)Kxa, xycKM MeTanna b 
BMAe KoponbKOB, m T.n.), o6pa3ytou^Mecfl npM 

npOMSBOACTBe 4>aCOHHOrO nMTbfl TMTaHOBblX 

cnnaBOB. OTXOAbi npeABapMTenbHo copTMpyraT 
no pa3Mepy m noABeprawT MexaHM^ecKO^ m 
XMMMMecxofl OHMCTxe ot pasnMMHbix npMMecefl. 
flaHHbift cnoco6 M3roToaneHMn pacxoAyeMoro 
aneiapoAa no3BonneT 3HaHMTenbHo paciUMpMTb 
Anana30H pa3MepOB Mcnonb3y»oiAMXcfl 
TMTaHOBbix otxoaob, MaKCMManbHbje pasMepbi 
xycKOB uuMXTbi onpeAenmoTCfl pa3MepaMM 
BHyTpeHHefl nonocTM 4>opMbi, MMHMManbHbie 
pa3Mepu He orpaHMMMBawTcn. LUa6noH 
BbinonHeH M3 TMTaHOBOrO HMCTa m BMeore c 
BHyTpeHHefl nonocTbK) cfcopMbi cooTBeTCTByeT 
paaMepaM m 4>opMe M3roTOBnfleMoro snexrpoAa. 
TopL^esbie nnocKMe TeMnneTbi 5 BbinonHeHW no 
BHyTpeHHeMy nonepeHHOMy KOHTypy iua6noHa m 
HaxoAflTcn b HenocpeACTBeHHOM KOHTaxre c 
ujmxto^. Oahmm Topi^eBUM TeMnneTOM 
M3roTOBnneMbiR sneiapoA onMpaeTcn Ha aho 
HM>KHero BOAooxna>KAaeMoro cbeMHoro 
TOKonoABOAa 6. Ha APyrofl Topi^eBofl TeMnneT 
ycTaHasnMaaiOT sepxHMv) BOAooxna>KAaeMbiM 
CbeMHbi^ TOKonoABOA 7. ToxonoABOAbJ no 
AMaMeTpy aneicrpMHecKM M3onMpoBaHbi 8 ot 
BOAOoxn€OKAaeMO« cfxopMbi. SneiapMHecKM^ tok 
noABOAflT nepe3 ToxonoABOAbi k TeMnneTaM, T.e. 
HenocpeACTBeHHO k Topi4eBbiM ynacTicaM 
M3roToanfleMoro aneiapoAa. TaKMM o6pa30M 
CBapKy snexTDOAa ocymecTBnfliOT 
nponycxaHMeM aneiapMnecKoro TOKa 
OAHOBpeMeHHO Mepe3 Becb cno^ xycKOBoro 
MaTepMana. 

Ann co3AaHMfl Hane^oro KOHTaxra BHyTpM 
onnaanfleMoro xycKOBoro MaTepMana k 
BepxHeMy ToxonoABOAy npMxnaAbiBaioT oceBoe 
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ycunue, nepeMe^awu^ee KycKH muxTbi bhvi3 no 
BbicoTe iua6/i0Ha no Mepe mx onnaBneHna. 

nepeMeu^afl bhm3 TOKonoflBOfl m xpaflHero 
BepxHero nonoweHMH, ocymecTB/iaioT 
ynnoTHeHkie KycKOBoro MaTepnana b 
BOflooxnajKflaeMoft cpopMe. OruiaaneHMe KycKOB 
no rpaHnnaw KOHTaxTa Me>KAy cooom" m 
ynnoTHeHne KycKOB hjmxtu ocymecTanaiOT b 
BaxyyMe nnn aTMoccfrepe MnepTnoro ra3a. 
CBapeHHaa ujMXTa, T.e. roTOBbitf pacxoflyeMbiM 
snexTpoA BWTanxMBaeTCfl BepxHUM 
BOflooxnaxaaeMUM tokohoaboaom npn 
OAHOBpeMeHHOM onycxaHMM HM)xwero 
BOflooxna)KflaeMoro TOKonoABOAa 5. 3aTeM 
npotjecc noBTopaeTcn. 

TaKOfl cnoco6 nosBonaeT nonyMHTb 

flOCTaTOHHO OAHOpOflHblft no n/lOTHOCTH 

snexrpoA c Tpe6yeMbiM nonepeMHUM 
3/ieiaponpoBOAHiMHM ceqeHneM m HeoSxoflMMoCi 
AnnHbi. 

riapaMeipaMM nponecca naroToaneHun 
aneicrpoAa abjihiotcr a/ieiapuMecKne pe>KMMbj m 
n pOAOJDKM Ten bHOCTb noflaMM Hanp«)KeHMfl Ha 
TOKonoABOAW, KOTopbie onpeAe/i«K)TCfl b 
3aBncnM0CTn ot pa3MepoB, cfcopMw, s/iexTpo- n 
TennonpoBOAHboc cbokctb iwarepMana xycKOBOM 
tunxTbi m sneiapuMecKMX xapaicrepucTMK 

HCTOMHMKOB nMTaHHH. 

Pj}9\ HaAe>KHoro CBapuBaHHW xycKOB ujmxtu 
Heo6xoAMMO pacnnaBHTb He MeHee 10-15% ot 
hx o6inefl Maccw. 

Ecjim pacn/iaBMTb MeHbwe 10% ot o6"meM" 
iwaccbi, to npoHHocTb coeAHHeHMfl Mewy co6om 

KyCKOB WMXTbl MOWeT OKa3aTbCH HeAOCTaTOHHOPI 

Arm Toro, hto6w M3roToaneHHbiM aneicrpoA CMor 
BbiAep>KMBaTb cbom* coocTBeHHbiM Bee 6e3 
pa3pyujeHMfl b KaKOM-nn6o nonepeMHOM 
ceneHMM npn HarpeBaHMM b . npouecce 
nocneAyK)u^ero nepermaBa ero b AyroBOM* neHM. 

Ecnn pacnnaBMTb oonbwe 15% ot o6u^e« 
waccw otxoaob b 4>opMe, to pacxoA 
oneKTpoaHepruM Ha M3roToaneHMe anexTpoAa 

OKa)KeTC51 Hpe3MepHO COJlbUJMM H CHH3HT 

3KOHOMHHecKyio 34)4>eKTHBH0CTb npouecca. 
TaKUM o6pa30M, 10-15% pacnnaanfleMoB 

MaCCbl OTXOAOB B (fcopMe ABTlflJOTCfl 

onTHManbHbiMM c tohkm speHHfl KanecTBa 

HSrOTOBJieHHblX SneKTDOAOB H 3KOHOMMMHOCTM 

peann3ai;MM npeAnoweHHoro cnoco6a. 

ripn 3tom aneiaponpoBOAHocTb nonyneHHoro 
aneicrpoAa no cpaBHeHnio c 
3/ieKTponpoBOAHocTbKD /lMToro sneiapoAa 

COCTaBMT 15-25%. COOTBeTCTBeHHO 3T0My 

mokho npuHflTb MaKCMManbHyK) cany TOKa b 
KOHi^e npoi^ecca paBHofi 0,1 5-0,25 ot cunw Toxa 
A/ifl nuToro snexrpoAa toto we nonepenHoro 
cenennf! npH 3aAaHHOM HanpaweHMM Ha Topijax 



M3roTOB/ifleMoro snexTpoAa. 

Ana M3roTOBneHnq pacxoAyeMoro 
3neKTDOAa, HanpuMep, AMaMeTDOM 360 mm m 
MaccoM* 250 kt M3 TUTaHOBbix canasoB npn 
cpeAHefl moimhoctm ycTaHOBxn 250 kBt BpeMn 

5 CBapuBaHMfl xycxoB COCTaBMT OKono 200-280 c. 
npoAO/i)KMTenbHOCTb nponycxaHMfl Toxa Mepe3 
KycKosyjo ujuxTy mojkho nerxo onpeAennTb 
(aHanorviMHO npuseAeHHOMy npHMepy) aha 
snexrpoAOB /iK)6bix pa3Mepoe n Maccw c yweTOM 

1Q noABOAUMO^ k ninxTe snexTpuHecKoft mou4hocth 
m Tenno<t)H3MHecKvix xapaKTepMCTHK 
(TennoeMKOCTb, TennoTa nnaarieHMJi m T.n.) 
MeTanna. 

BpeMfl nponycxaHMfl s/ieiapuHecKoro TOKa 
nepes cno« KycxoBux otxoaob, xax bmaho Ha 
15 npwBeAeHHOM npuMepe, aoct3tohho Mario, hto 
yBennHMBaeT npon3BOAHTeribHOCTb npoi^ecca 
M3roToaneHMfl sneicrpofla. 

YnpoiueHne npoi^ecca cneAyeT M3 
npuMeHeHun HecnoxcHoro o6opyAosaHMfl m 
npocTOTbi KOHTporifl m perynnpoBaHMfl . 
20 snexTpuHecKnx pe)KMMOB (Hanp^KeHMfl, cknbi 
Toxa, 3/ieKTpMHecKoro conpoTMBneHMfl). 

OopMyna M3o6peTeHMfl: 

1. Cnoco6 M3roTOBneHHfl pacxoAyeMoro 
snexTpoAa M3 xycKOBbix MeTannnHecKnx 

25 otxoaob, BxnioMaKDi^Mfl yxnaAxy KycxoBbix 
MeTannnnecKnx otxoaob b cooTBeTCTByioiMyio 
KOHC{)MrypaL^MM sneiapoAa o>opMy n nx CBapxy, 

OT/lMMaK)l4M^Cfl TeM, HTO KyCKOBbie 

MeTannnnecKvie OTxoAbi pa3MemaiOT a 
npwnerajoineM k BHyTpeHHefl nosepxHOCTM 

30 0OpMbl H BbinO/IHeHHOM M3 OAHOpOAHOPO C HHMM 

MaTepkiana tiuctobom Lua6noHe c TopLjeBbiMM 
nnocKMMM TeMnneTaMM, BbinoriHeHHbiMM no 
8HyTpeHHeMy nonepenHOMy KOHTypy iua6noHa n 
HaxoAflU4UMnca b HenocpeACTBeHHOM KOHTaiae c 

KyCKOBbIMM MeTaJUIMMeCKHMM 0TX0A3MM, a 

35 cBapxy ocyu^ecTB/ifiioT nocpeACTBOM 
snexTpuHecKoro Toxa, xoTOpbifl noABOAflT k 
TeMnneTaM m nponycxawT Mepe3 Becb cno« 
xycKOBbix MeTanriMHecKMx otxoaob ao mx 
cnnaBJieHMfl b MecTax KOHTaicra, npM stom 
OAHOBpeMeHHO csepxy npMKnaAbiBaraT oceBoe 
. ycMJiMe Anfl nepeMeu^eHM« xycxoB 
MeTan/iMMecxMx otxoaob bhm3 no BbicoTe 
iua6noHa no Mepe mx onnaB/ieHMfl. 

2. Cnoco6 no n. 1 , OT/iMHaiou^MMCfl TeM, hto 
b xanecTBe KycxoBbix MeTannMHecKMX otxoaob 

45 MCnOflb3yfOT KyCKOBbie OTXOAW TMTaHOBblX 

cnnaBOB. 

3. Cnoco6 no n.1, oTriMHaioiMM^cfl TeM, hto 
pacnnaan^MDT He MeHee 10 - 15% ot ooujeM 
Maccw KycxoBbix MeTajmMHecKMx otxoaob Ana 
mx npoHHoro csapMBaHMn. 
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